Abstract: Information systems in organisations are built to assist human actors to engage in goaldirected work activity. There is a certain traditional approach to information system design which has become crystallised in the standard Information Engineering Methodologies that are widely promulgated by practitioners, consultants and educators. We argue that this traditional approach is informed by a particular theory about the nature of human goal-directed action which emphasises the role of mental representation and deliberation as mediators of action. This theory of action has recently been criticised for its inability to explain the fluid, unreflective, real-time action characteristic of skilled routine activity. An alternative theory stressing action as a direct response to situations in structured environments has emerged. This paper reports our attempts to theorise an alternative to the traditional conception of information systems, which we call 'situated information systems', and to embody it in an analysis and design methodology based explicitly on this situational theory of action. We also report a system design case in which we applied the methodology in a commercial organisation. The methodology proved effective for identifying enhancements to the company's operational systems and particularly for understanding the nature of existing problems. The case also resulted in several enhancements of the methodology and clarifications of the theory. The work is significant because the unique characteristics of routine action are under-emphasised in the information systems discipline, so a set of analysis and design methods based on an authentic theory of this aspect of work is likely to produce systems that are more effective in organisational setting where work is complex but largely routine.
INTRODUCTION
In the past 30 years a number of methodologies have been developed to assist information systems designers to produce and document systems designs, especially the data models that underpin these systems. They can be referred to collectively as Information Engineering Methodologies (IEM) (Martin 1990) , with Structured Systems Analysis and Design Methodology (SSADM, the British Government standard) being a typical example. These methodologies consist of prescriptive steps to be used in analysis of the task domain, and various design aids used to represent and document data models for databases and transaction recording processes. These methodologies have been widely disseminated through the information systems profession by practitioners, consultants and educators, and they crystallise a particular 'traditional' approach to information system design.
However, information systems in organisations are built to assist human actors to engage in purposeful or goal-directed work activity. It is therefore reasonable to expect that conceptions about the role of information technologies and systems for supporting human work activity, which become embedded in design tools and methodologies and ultimately in the system designs produced, reflect the commonly (perhaps implicitly) held views of designers, or the community of design practice, about the nature of goal-directed action in human and artificial systems (Johnston and Milton 2002 ).
We will argue that the traditional information systems analysis and design approach, as documented in methodologies such SSADM and systems analysis textbooks (Hoffer et al. 1999) , is informed by a particular theory of human goal-directed action which we call the deliberative theory of action. The deliberative theory asserts that human actors maintain a mental representation of the world which they use to reason out what to do (Johnston and Milton 2001; Johnston and Milton 2002) . When information systems are modelled after this conception of purposeful action, the information system is conceived of as an abstract representation of a physical work system in which actors are engaged. On this view, systems analysis is a process of modelling the world of work, and system design is providing the means to capture this model in databases, to update the model, and to present this model to inform human action.
However, the deliberative theory that informs traditional system designs has in recent decades been criticised in many disciplines that deal with purposeful human (Suchman 1987; Hutchins 1995a; Agre 1997; Clancey 1997 ), animal (Hendriks-Jansen 1996 and machine action (Brooks 1991) , as a flawed or at least incomplete theory of goal-directed action. While it captures a certain kind of explicitly reasoned action that a knowledgeable and intelligent actor might take in novel circumstances, it does not capture the fluid, minimally reflective, robust action of skilled actors engaged in routine tasks. Further, these theorists argue that most human action is more like the latter that the former (Agre 1988; Lave 1988; Agre 1997) . To describe this new conception of action the term 'situated action' has been coined (Suchman 1987) , and the outlines of a radically different situational theory of action can be gleaned from these works. The situational theory posits that, by and large, human action is a direct unmediated response to situations encountered in the course of routine activity, and that such action can be goal-attaining if the environment in which the activity takes place is sufficiently conducive (Johnston and Milton 2001; Johnston and Milton 2002) .
In this paper we consider what conception of information systems, systems analysis and systems design would arise if these were explicitly informed by the situational theory of action. We name such systems 'situated information systems'. In particular, we describe our attempts to derive a situated systems design methodology which embodies a theoretical understanding of routine action in a similar way that Information Engineering Methodologies embody the deliberative theory of action. We are also testing and refining the methodology Milton et al. 2005 ) through a series of real-world design interventions with organisations whose main operational activity is complex but largely routine, and currently inadequately supported by traditional style information systems. We present here the first of these design cases.
The motivation for this work is twofold. Firstly, it is a common observation that while traditional style information systems provide support for managerial work such as decision making, accounting, planning and standards production, they often do not effectively support routine operational activity. The belief that they should do so, as exemplified for instance by the Manufacturing Resources Planning concept (Wight 1981) , stems from the assumption that the deliberative theory of action provides a complete account of how human work activity can be supported by information technology (Johnston 1995; Johnston and Brennan 1996) . If much of human activity is routine, especially operational level work activity, then a theory of the nature of routine situated action should be a better basis for using information technology to support routine aspects of work.
Secondly, some of what we are going to say about systems analysis and systems design, especially about the role of environmental structures as supports for effective routine action, are known at some level by experienced information systems professionals. However, they are regarded by the profession as peripheral knowledge, uncommon common sense, and not part of the central theory of the discipline. We want to invert this centre-periphery relationship and bring to the fore those aspects of information systems practice that deal with support of routine work, and provide an explicit theory and method for their design.
The research we report here is neither purely theory testing nor purely theory building. Over several years we have been engaged in exploring how the theory of information systems would be altered if the importance of the routine component of work were given greater emphasis. Our background theory for this work has been theories of goal-directed action in general and the situational theory in particular. The output from this theorising has been successively refined versions of a methodology for situated information systems analysis and design. We applied our methodology to the system design case reported in this paper in order to test its usefulness, to expose its weaknesses, and to refine the specific steps in the methodology. Thus the case reported in this paper has lead to refinement both of our theory of situated information systems and to the current revision of the situated systems methodology; theory testing and theory refinement have gone on hand in hand.
However, for the sake of clarity we will present first the theoretical underpinnings of situated information systems as we now see them after conducting the reported case. We begin this section with a discussion of alternative theories of action. We then discuss several important topics in information systems theory as they would be conceived under the deliberative theory and the situational theory respectively. We will then present the case study itself. During this presentation we will describe how we discovered several new aspects of routine activity that are now incorporated in our theoretical position. We will also describe an important aspect of the situated systems analysis process, the need to abstract existing systems to their goals and environmental constraints, which we had not previously anticipated. Then, in the discussion section we will make explicit what aspects of the theory of situated information system are illustrated by the case study, what the new contributions to the theory were, and what changes to the methodology were indicated by the case. In this section we will also describe the current iteration of the methodology. We conclude with a reflection on significance, validity and rigour of this research
THEORETICAL UNDERPINNINGS OF A SITUATED SYSTEMS METHODOLOGY

Theories of Purposeful Action
Information systems are built to assist human actors to engage in purposeful or goal directed activity particularly as they engage in work. The image in which we design information systems, and the way in which we analyse human activity in work environments, thus depends on how the designer and analyst understand (implicitly or explicitly) the nature of purposeful activity (Johnston and Milton 2002) . We should therefore begin by elaborating the main theories about the nature of purposeful activity. The disciplines of philosophy, psychology, anthropology, ethology, robotics and artificial intelligence all have a concern with the question of how human, non-human or artificial actors can act in pursuit of goals. Positions on this question divide with remarkable consistency among these disciplines into two main theories (Hendriks-Jansen 1996; Johnston and Brennan 1996; Johnston and Milton 2001 ). What we may call the deliberative theory assumes that goal-directed action is effected by reasoning about abstract models of the world. A radical alternative, the situational theory, claims that we can pursue purposes by acting in more or less automatic ways in response to situations we encounter.
Goals are future relationships between an actor and its environment. The main issue for a theory of goal attainment is how an actor can act in the present in a way that guarantees, or at least makes likely, a given relationship of the agent to its environment at some future time. The deliberative theory (Johnston and Milton 2001; Johnston and Milton 2002 ) assumes that we envision a future desired state of the world and work out how to get there. To be more precise, we have a mental model of the world, its contents and their possible arrangements, which arises from our explicit knowledge about the world. It is through this abstract mental world-model that we can envision or represent the desired future state. In addition, our sensing of the world in which we exist allows us to maintain a continual representation of the current state of the world as an instantiation of our general models of possible world states. Using our knowledge of the possible ways states of the world can be transformed by action, we use logical reasoning to deduce a series of actions that successively transform the world from its current state, through a sequence of intermediate states, to the envisioned one. This sequence of actions is a plan to get from where we are now to where we want to be. In this theory we act by implementing this plan; we pass this plan to our various effector systems which change our relation to the real world. The connection between our sensing of the world and our acting in it is the mental model of the world which we possess and can update by virtue of our knowledge of the world, its contents and the possible lawful changes in their arrangement. The metaphor that the deliberative theory expresses is that of a thoughtful actor, one who reasons out every move as would an intelligent, knowledgeable, but novice artisan.
The deliberative theory is widely if implicitly held outside specialist disciplines: it is the folkpsychology theory of purposeful human action. It is our cultural legacy from the Cartesian mind / body split and the Enlightenment belief in thought as the source of action. It seems to be the default way we think about acting in a goal-directed way. It explains the constant reinvention of plan-based management theories (Johnston 1995) , for instance, despite doubts about their effectiveness (Johnston and Brennan 1996) . It was very literally translated to early attempts to create autonomous robots (Raphael 1976; Agre 1997) . It has implicit influence in many disciplines such as sociology, anthropology, management and public policy and it gains quite formal expression in cognitive psychology, robotics and artificial intelligence. In fact Gardner (1985) argues that representation as an explanation of action is the defining theme of the cognitive sciences.
In particular, the deliberative theory seems to inspire our traditional approaches to information systems analysis and design (Johnston and Milton 2002) . The information system is an extension and formalisation of the world model to be used by human actors to reason about what to do now in pursuit of certain business goals. The database design instantiates the world model. Records in the database define the current state of the world. Transaction processing records changes in the state of the world and is an extension of the human actor's ability to sense their environment. Human actors with the assistance of machine actors (programs) reason about action possibilities and make decisions and plans. Other human actors implement the decisions in the real work environment and the effects of these actions are recoded as transactions in the information system. The loop is closed and iterated continually as the source of coordinated action, often in a hierarchical division of labour between those who set goals, those who make decisions based on the information system, those who implement the decisions, and those who process transactions. On this view, the information system is the main source of order in the world of work because, as in the deliberative theory of human action, it ensures the proper relation between sensing what is happening in the real world and acting in a way appropriate for goal attainment.
The situational theory takes a different stand on the possibility of goal directed action (Johnston and Milton 2002) . Proponents of this approach (Agre and Chapman 1987; Suchman 1987; Brooks 1991; Hendriks-Jansen 1996; Clancey 1997 ) argue that we can act purposefully in the present with minimal or no representation of future desired states by using a simple set of rule-like action responses to situations we encounter and perceive with our senses, provided that the environment of action is sufficiently conducive (Agre and Chapman 1987) . The environment needs to be sufficiently structured that the number of characteristic situations and appropriate responses to them are limited (Agre and Horswill 1992; Hammond et al. 1995; Agre and Horswill 1997) . The response rules may be hardwired, as in the innate non-cognitive behaviours of lower animals or reactive robotic systems, or the low-level actions of humans. Or they may be learned as in work routines. Response rules may evolve to exploit existing environmental structure, or the supporting environmental structure and the response rules might have co-evolved, as in the case of social structures and practices (HendriksJansen 1996) . In either case, goal attainment is assured (at least probabilistically) by the fit of the response rules to the structure of the environment in which the goal seeking action usually occurs; simply to invoke the set of response rules is to initiate goal-directed action. On this view, the connection between sensing and acting is not an explicit representation of the possibilities of the world, but a combination of the tacit know-how of the response-rules and the possibilities for action afforded by the ordered environment. Whereas in the deliberative theory, the environment is a passive back-drop for action, which is totalised in the mental world model, in the situational theory the environment is an essential 'co-actor' (Chapman 1991) . Its contribution to purposeful action gains its strongest expression in ecological behavioural theories (Gibson 1979; Schoggen 1989; Reed 1996) .
The metaphor that captures action under the situational theory is the fluent, efficient, practiced action of a skilled artisan or sportsman responding directly to the possibilities of the field of action (Dreyfus and Dreyfus 1996) . We argue here that the situational theory is an appropriate theory of routine human work action and an appropriate theory with which to theorise the type of information systems that will best support routine action. Routine work action is of the unreflective, non-cognitive type posited by the situational theory (Zuboff 1988 ). It is also task-specific and environment-specific. This contrasts with the view of the deliberative theory of an actor who applies all-purpose, cognitive resources to find solutions to problems in novel environments and then acts them out. We would expect information systems that support routine action to bear similarities to the kind of devices that skilled artisans make use of, such as jigs that constrain action choices, templates that characterise recurrent situations, memory devices which allow recall of situational responses, and signs and cutdown speech acts that facilitate efficient communication for coordinating action.
Deliberative action and routine action are two extreme types of human action. Much of what we do is routine simply because much of what we do happens in environments that are highly ordered spatially, temporally, socially, politically and communicatively (Agre 1988; Agre 1997) . Such environments thus bear much of the 'cognitive burden' of purposeful action making routine action highly efficient (Agre 1988; Hammond et al. 1995) . Deliberative action does have a place, however, although we would argue that it is over emphasised in systems practice. Deliberation is useful in designing new routines. It is a possible resort when routines fail, although we will see in the case study that routine breakdown is often treated with further routines for repair. Deliberation is useful for mental simulation of possible actions in unfamiliar or dangerous circumstances, and it is useful in giving a retrospective account of routine actions.
Ontology
Philosophical ontology is the study of what makes up reality. Systems analysts do ontology (Johnston and Milton 2001 ). As they model the organisational domain of a system, they must make commitments about the generic types of constructs needed to describe organisational reality and the particular instantiation of these that obtains in a given system context. The tools of traditional system modelling, such as the Entity Relation model, Unified Modelling Language and State Transition Diagrams have evolved to standardise this process and thus contain a set of standard ontological commitments which have proved useful for this particular style of systems analysis and design. One very strong reason to believe that the deliberative theory of action underpins traditional system analysis is that the very ontological commitments of the standards tools are essentially the same as the ontological commitments required by the deliberative theory (Johnston and Milton 2001) .
Because the deliberative theory posits that action is mediated by an abstract mental model which the actor uses to stand in for the real world, the theory is forced to take a particular stance on the make-up of the world. The world must be made at the deepest level of things, entities that are defined by their own characteristic properties alone. Things stand in certain relations to each other. The possible properties and relations of things define the possible states of the world which are determined by certain laws (the physics of the domain). Transitions from one lawful state to another are events. This style of ontology is known as Scientific Realism because of its obvious connection to the world view of the hard sciences (Milton and Kazmierczak 2004) . Its defining characteristic is its objective view of the world from no particular actor's point of view. In fact the point of view is transcendental, external to the world, an 'aerial' view (Agre 1995) . Until recently, versions of it were accepted almost without question in scientifically grounded disciplines such as artificial intelligence, robotics and cognitive science (Dreyfus 1992) . The philosophical ontology most widely used to study information systems, Bunge's ontology (Bunge 1977; Bunge 1979) , is of this general type. The work of Wand, Weber and co-workers, which has examined the ontological underpinnings of traditional systems analysis and design tools, (Wand and Weber 1993; Weber 2003) confirms that these tools express a scientific realist view of the world.
The situational theory of action requires a different ontology, a different view of the world (Agre 1997) . The situated actor does not make the translation from sense data to an abstract model of the world in order to act but rather acts in direct response to the appearances of the environment subtended by sense media onto the particular senses of the particular actor at a particular point in space and time (as well as in particular social circumstances). To use Gibson's words, the situated actor acts on the (direct) perception not of the objective outsider's world but of the 'surfaces' of this world from her point of view. Thus the style of ontology that captures the objective world viewed 'aerially' is not sufficient to capture the nature of the world experienced by the situated actor from the ground view. What is needed is a perspectival realist ontology, perhaps of the type offered by Roderick Chisholm (Chisholm 1996) , that includes appearances of reality from a human perspective as basic constructs.
The point for a situated system design methodology is that the traditional methods of description and analysis of domains for information systems are not adequate to capture certain aspects of work environments that are vital to situated routine action (Johnston and Milton 2001) . The notion of 'the current situation', for instance, is an actor-centred and goal-laden notion quite distinct from the aerial view notion of the 'current world state' ). The latter is an objective account of the state of affairs in a particular domain such as would be captured by the contents of a database. A situation is a particular actor's appreciation of her environment from her own situated, embodied and engaged point of view. What counts as 'the situation' depends on the actor's goals.
There does not appear to be an off-the-shelf formal ontology that could be directly translated into a set of modelling tools to replace the traditional ones. However, the basic set of constructs that would be needed for such an ontology can be gleaned from writings on situated action, especially those of Agre (1987; and the ecological psychologist Gibson (1979) . Just as the basic undefined term of Scientific Realism is the thing, the basic term of a situated ontology would be an action. As frequently pointed out by sociologists (Collins 1990) , the concept of an action, in contrast to behaviour, is meaningful only in relation to the particular actor's purposes for the action. Next, an affordance is a possible action presented by the environment to an actor with a given goal and capacity to act (Gibson 1979; Jones 2003) . Again, the concept of affordance is both a goal-laden concept and a relation between characteristics of actors and characteristics of environments (Heft 2003; Stoffregen 2003) . Situations are the affordances present to an actor at a particular place and time. An activity is a typical extended sequence of actions in pursuit of a goal (Wallis and Johnston 2004 ). An activity is thus defined by the typical set of situations that occur in that activity. To be engaged in an activity is to have its associated goal. A routine activity is one in which every situation has only one possible action (affordance). Non-routine activities have some situations where a choice between possible actions is necessary. What is needed in the long term is a precise theory of the relation between these entities, which would be a situated ontology, that would serve as the basis for a modelling tool that captures the changing world experienced by a situated actor engaged in a particular routine work activity.
The Nature of Information Systems and Information
What is an information system? The conventional answer to this question has been given precise expression by the work of Wand and Weber Wand and Weber 1995; Weber 1997 ). An information system is a model or abstract representation of some other real world (work) system. Entities of the information system correspond to things (possibly people) in the work system. Attributes of entities correspond to properties of the things. Possible states of the information system correspond one-to-one with possible states of the work systems (at least at some level of detail). The lawful changes of state of the information system imposed by information processing programs correspond to lawful states changes that are possible in the work system imposed by its business rules. Transactions in the information system correspond to events in the work system. The information system provides users with a aerial view of the work system which they can use for accounting (by recording the flow of value through the work system), for decision making (by reasoning about states of the systems as surrogates for experiments in the real system) and for communication and coordination between actors (through a shared model of the work world) (Weber 1997) .
Note that this characterisation of an information system paraphrased from the works of Wand and Weber is identical to the one suggested by the deliberative theory of action set out in an earlier section. It is a direct translation of the deliberative theory of individual human action mediated by abstract mental models to the case of collective work action through the medium of a shared information model or representation of the world of work ). Just as the deliberative model accounts for a certain type of human action, this conception of the relationship between information as a representation of work and work itself, is a useful model of a certain kind of collective work action which we may call 'managerial action' which emphasises simulation, decisionmaking, plan creation, accounting and standards creation (Johnston and Brennan 1996) . However, it is not a feasible model of how information should be deployed to facilitate collective routine action. The reasons are exactly the same as the objections that have been raised in recent time in almost every discipline that deals with human (Suchman 1987; Agre 1997; Clancey 1997 ), animal (HendriksJansen 1996 or machine purposeful action (Brooks 1986; Brooks 1991) , to the deliberative theory as a viable theory of everyday, routine, robust action displayed by skilled humans or mechanical substitutes for them. It is infeasible for a collection of human actors who are involved in the work system that is represented by the information system to make use of the abstract model as the prime causal agent of on-going activity. The representation is simultaneously too big and too small. It is too big and too abstracted to be useful for the real-time, non-cognitive, routine action characterising skilled work, although Human Computer Interaction researchers attempt to address this issue through interface design. But it is also too small and too coarse-grained to represent all the nuances of the real situations that are relevant to fluent action. In addition it is both of the wrong kind (abstract and objective) and in many ways unnecessary for, and an interference to, skilled action.
So how can information support humans engaged in routine work and what is the relationship between an information system and routine work? Just as the traditional view of information systems flows directly from the deliberative theory appropriate to decision making action, the answer to this question should flow directly from the situational theory of non-cognitive action. The answer has two parts that correspond to the two preconditions we have set out above for action to be effectively routinised:
1. The environment of work should be sufficiently structured so that the minimum number of action choices is presented to an actor in a given situation. This involves on one hand constraining the possibilities for action, but it also involves enabling certain kinds of actions by bringing order to environments which both simplifies action and allows easy recognition of the possibility of a specific action. In other words, part of situated information system design is creation and exploitation of environmental affordances, or 'affordance engineering'. It may be possible to make environments so constraining that all choice in a particular activity is compiled into the environmental structure. A 'jig' which disables all wrong actions is an example. However, such tightly structured environments may be too inflexible or expensive to create. Thus, generally we need to accept environments that require actor choices at certain stages of an activity conducted in that environment. Thus the second component:
2. Situated information systems should provide additional information resources that allow an actor to choose between possible actions in a given situation with minimal or no deliberation. These resources could be: signs which together with conventions indicate the correct choice given a goal; cues that are preset in a deliberative way prior to entering action (such as the speed bugs used by pilots on air speed indicators (Hutchins 1995b) ); retrievable procedures such as learned rules or represented displays showing action choices for key situations; or minimal communication devices, that allow multiple actors to coordinate joint engagement, either parallel or serial, in a given activity Such a view of an information system overcomes many of the problems of traditional information systems for support of involved real-time action in routine work. Whereas the underlying notion of information in traditional information systems theory is representational, the notion of information in this conception is Shannon's original notion of reduction of choice (Shannon 1948; Wallis and Johnston 2004) . The information resources in a situated information system are parsimonious because they do not have to capture and re-present the large amount of detailed situational knowledge an actor that would need in order to choose an action when the constraints of the actual world and the actors abilities are only present in abstract form in the world model. They only have to be sufficient when added to the actor's internalised tacit knowledge to resolve a choice between a small number of actual possibilities present in a given situation. If there are just two choices for instance, this requires in principle only one bit of information. This parsimony ultimately derives from the goal specific nature of these information resources. To the extent to which these resources represent anything ('refer to' might be a better term than 'represent') they do so 'indexically' and 'functionally' to use Agre and Chapman's terms (Agre and Chapman 1987) ; indexically because their meaning depends on the actor's situation and functionally because their meaning is relative to the actor's goal.
Information Systems Analysis
The conventional view of systems analysis, especially the one espoused in textbooks, (Hoffer et al. 1999 ) and undergraduate courses, follows directly from the deliberative theory of action. The analyst questions participants of the work system in order to determine the key features of their world of work. They are often instructed to look for nouns in reponses or to examine exiting system artefacts that give away key entities of this world. These entities and their possible relations become the analyst's understanding of the participants' world model. Often these models are seen as instances of standard domain models already known to the analyst. The analyst attempts to achieve a level of abstraction away from the peculiarities of the particular current procedures in order to find a kind of ideal world of which the current work system is an instance. This is meant to ensure longevity of the final information systems in the face of changing circumstances. This ideal world is then translated into key entities, attributes, business rules, events, and state changes that form the data and process models of the information system. On this view, systems analysis is presented as a process of capturing, documenting, tidying-up and generalising models of the work world that are assumed to be possessed by the users of the system and which are assumed to have an explicit role in their actions. These models are uncovered not designed. Given that we have argued that humans engaged in routine activity do not make use of mental models of the world it is arguable whether this is true. We would argue instead that such information system models are models that analysts as outsiders use to systematise what they observe to be happening in work systems and that they are only a significant causal agent of action for those participants engaged in what we have called above managerial action (Johnston and Brennan 1996) , who are indeed often the commissioners of the traditional style of information system. A situated systems analyst must take into account the nature of routine action. If when engaged in routine action, actors do not make use of explicit models of the work world, then these cannot be easily elicited in interviews with users (Zuboff 1988) . Their knowledge of what they do is tacit except perhaps for those things that breakdown regularly. But understanding how routines work involves understanding the affordances actors make use of, how they pick up information about these affordances, what things go wrong, and how these situations are repaired. The analyst must therefore engage with user's work practices more closely than just linguistically. They must try to get as deeply embedded in the action as possible and use participatory observation techniques. To observe and document routines they need to get situated. They might learn the job or shadow experts as they do the job. Observation and discussion of breakdown situations may also provide an opportunity to glimpse tacit practices.
However, the situated systems analyst also requires a means to get un-situated, that is, get out of the existing routines to be able to analyse and discuss the possibility of change. They must be able to translate from the ground-view to the aerial view but in the process take with them the essence of, or an abstraction of, what the routine systems are about while suppressing details of their current instantiation. We will demonstrate in the case section that the correct form of this abstraction is an articulation of the goals and constraints of existing routine practices. In keeping with the ontology underlying the situational theory, this form of abstraction is centred on action concepts and contrasts with the traditional abstraction to an ideal world expressed in entity-relationships, process models, and so forth.
Information Systems Design
On the traditional view, creating an information system is to build a computerised model of the work system. If is to be a dynamic model then changes in the work system (events) must be recorded and applied to the model (transaction processing) and the programs that do this must mimic the lawful changes of state that the work systems allows (business rules). Additional programs will be provided that will help actors decide what to do based on the model to achieve business goals (decision support systems), or in the extreme case, tell them what to do as in advanced closed-loop production planning systems (Johnston 1995) . The ideal of this approach is to create systems that are in a sense all-purpose intelligent systems which, with the help of human users, can process goals and recommend action in a kind of "what if" simulation of all possible worlds. This is in keeping with the image of 'intelligent' deliberative action that underpins the traditional conception of information systems.
By contrast, situated systems should be designed to support the routine parts of goal-directed collective work Milton et al. 2005) . Specific goals will be built into situated systems from the outset. A set of activities that fulfil the goals will be determined and will be analysed into the characteristic situations they involve. The environment of work, including the physical, social and political aspects, will be structured to facilitate (afford) goal attaining actions in each situation. Then the information required to routinely resolve choices in each situation will be determined. The process will be iterated until a design that gives the best trade-off between environmental constraint and information need is obtained. We do not as yet possess an explicit method for either the environmental engineering or design of the accompanying information systems. However, the case that follows illustrates the general approach.
We conclude this section by pointing out that we do not intend that situated information systems can replace traditional information systems. Just as human purposeful action can range between fully routine and fully deliberative, so complete support for work systems should include both situated and traditional components. However, we wish to invert the traditional relationship between deliberative and routine action which sees deliberation and decision making as central to the information systems discipline and routine work as marginal. We wish to privilege support of routine action as an important problem of a distinctly different kind deserving its own theories, methods, and styles of system design. The data for traditional systems that support managerial action should come from genuine operational-level data sources. Interaction of actors with situated information systems potentially provides a stream of high quality data which authentically captures the operational reality for high-level analytical and decision making systems. Sourcing such data from systems that do not provide genuine support for routine operational activity, such as when data entry to these systems is a mandated parallel process to actual work, reduces the authenticity and quality of the data. This not only reduces the quality of decision making, but adds to data collection costs and user resistance to these systems.
CASE STUDY The Case Company
Cabling Communications Pty Ltd is involved in Workforce Management Services. Specifically, the company manages the activities of 40 technicians involved in installing residential telecommunications equipment and six technicians involved in disconnecting such equipment. In addition to Management, the company employs a team of four full-time dispatchers, two part-time dispatchers and two part-time warehouse staff. The business arrangement is that Cabling Communications has an outsourcing contract with a larger telecommunications provider, Telco, and subcontracts the work it receives to a team of technicians working as independent contractors. Cabling manages the installation of 100-150 telecommunications products each day, and the disconnection of a roughly equivalent number.
Cabling's Management were interested in a redesigned system that would result in improved efficiency and effectiveness as well as cost savings to Cabling. In particular, they were interested in a system that, although designed specifically to suit the current activities of Cabling, could be applied to any workforce management activities that Cabling might undertake in the future.
Research Procedures
Employing a situated methodology requires that the researcher be embedded in the work system. To achieve this, a mixture of research techniques were used over a period of 12 weeks. The researcher first trained and worked as a dispatcher. Semi-structured interviews were also conducted with dispatchers, technicians and warehouse staff and their work was directly observed with the researcher asking questions about their activities as they worked. Of particular importance was the participant observation; the experience of actually working as a dispatcher enabled the researcher to obtain a deeper understanding of the system than the traditional systems analyst who relies largely on observation and questions. The researcher made detailed notes of field observations and experiences using NVivo to assist in their organisation. Microsoft Visio was used to represent the existing system through the depiction of existing activities.
Current Operations and Systems
An overview of the functional relationships between Cabling, Telco, the customer, and the technicians is shown in Figure 1 .
Cabling has its own computer system for stock control and invoicing, while Telco has its own systems for customer billing, job bookings, and recording individual sales activities. These will be referred to as the Telco system, although they are actually separate systems. The two groups of systems run on incompatible platforms resulting in much duplicated manual entry data. A customer places an order with Telco for a telecommunications service to be installed or disconnected while non-paying customers are booked in automatically to have their products disconnected. Each installation and disconnection requires a visit from a technician to the customer's house. Telco sends Cabling details of the required work one day in advance. The work is imported into a software package that represents each job as a dot on a map of the city and the router, a member of the dispatch team, uses this package to visually allocate the jobs to technicians according to their base region.
This method of job allocation allows Cabling to exercise some control over the behaviour of technicians through a system of reward and punishment. The manager of Cabling's operations describes one of his main functions as "to drive the technicians" and he closely monitors the work performance of technicians in terms of the number of jobs that technicians successfully complete and the numbers of last minute jobs they refuse. Technicians who perform well and who comply with the manager's requests are rewarded by a 'good' job allocation', whereas technicians who have been difficult to manage are punished by a 'bad' one. The technicians are all acutely aware of this method of reward and punishment and begrudgingly acknowledge its power over them.
An install technician generally has between 3 and 6 jobs per day, all located in the part of the city where the technician lives. A disconnect technician generally has between 20-30 jobs per day. Technicians receive a listing of jobs by email the night before and although jobs are booked as either morning or afternoon jobs, within this restriction, technicians have the flexibility to organise their own schedule for the day.
Each technician has their own van and is held accountable for the stock of telecommunications products in their possession. Installation technicians visit the warehouse as needed to pick up new stock where they are each allotted a maximum top-up level for stock based on the number of installations in the previous fortnight. Disconnect technicians are required to visit the warehouse twice a week to offload reclaimed telecommunication equipment. All telecommunications equipment is uniquely bar-coded and the warehouse uses scanners to record stock movement to and from the warehouse in the Cabling inventory management system. The technicians provide all other installation materials, such as cable, and these are not accounted for in the inventory system. Each installation technician routinely communicates with dispatchers at least 10 times per day. Each morning a technician confirms all of their jobs with Dispatch and during the day communicates details of the start and end times of individual jobs as well as the type of work done and any equipment used or reclaimed. These communications have several functions. While it is a Telco requirement that start and end times be entered into the Telco system, the visual display of the updated Telco system also enables Dispatch to monitor the work of technicians and ensure that it is all done in the correct timeframe. The information on the type of work done enables correct invoicing of Telco and correct payment to technicians. The identification number on the telecommunication equipment installed or reclaimed is used to update the Cabling stock inventory management system. It is also necessary for a dispatcher to enter this item ID into the Telco system in the process of activating the telecommunications products on Telco's network. This must be done in near real-time so that the technician can check that the installed equipment is functioning.
Technicians may choose to communicate with dispatchers via SMS or phone. SMS messages arrive at a central Dispatch inbox as emails. Phone calls are made to a central Dispatch number which is answered by the first available dispatcher. Some technicians prefer to use SMS as it is cheaper than a phone call and there may be a waiting time involved to get through to Dispatch. Other technicians find SMS too tedious and tend to ring.
In addition to these routine activities dispatchers are involved in some non-routine activities that involve a degree of problem solving. For example, technicians often seek dispatcher advice on what to do if there is an obstacle to the completion of a job; the advice given depends on the specifics of the situation. In addition, dispatchers handle queries and requests from Telco and customers. The manager closely monitors technician performance by scrutinising daily reports that are generated automatically from the Cabling system.
Systems Analysis
On completion of the data collection phase an off-site analysis of the current systems was undertaken. The project focus was on improving the performance of routine activities in the Cabling operations. The first step was to model the current routine activities of technicians and dispatchers in terms of key activities and situations, and the environments in which these activities occur. For each main activity we used iconic representation of the key situations and responses using text and Visio diagrams. Activities that required coordinated action between technician and dispatchers were depicted from the point of view of technicians and from the point of view of Dispatch.
The particular environment of a routine activity provides constraints on the shape that activities can take. As changes to the environment may affect the types of activities that are possible or desirable, it is important to be explicit about the nature of the environment in which an activity takes place. Moreover, our interest is to structure the environment so as to reduce the cognitive burden of actor involved in goal-directed activities, and thus to improve efficiency and effectiveness of activities. In other words, we want to make use of, or design in structures, that will be affordances for the agents involved in the system. Three dimensions of the environment were identified as relevant to the system under study: the physical environment, the business environment, and the socio-cultural environment. The physical environment differs for each activity and could be captured in the Visio diagrams. The business environment and the socio-cultural environment are less activity-specific and apply to the Cabling operation as a whole. The researcher's immersion in current activities assisted in the characterisation of these dimensions of the environment and they were documented through a descriptive listing of aspects thought to be relevant. For example, the characterisation of the socio-cultural environment was as follows:
• Technicians like to know the night before what jobs they have; • Some customers are not home when they say they will be; • Some customers cancel when the technician arrives;
• Some disconnections are non-paying customers -the customer may not be expecting the technician;
• Technicians do not all have good literacy skills; • Technicians may have an incentive to keep stock if they can get away with it; • Customers may have an incentive to keep stock if they can get away with it;
• Technicians borrow stock from each other if they run out;
In the course of this analysis we discovered another dimension of activities and their environments that cut across the types of environment already identified (physical, business and socio-cultural) and which proved crucial to our redesign of the systems. This aspect can be termed the 'tempo' of the activity. The concept of 'tempo' is intended to express the pace and required timeliness of a routine activity. Various routines at Cabling have different tempos. For example, the routine associated with activating telecommunications products required that technicians communicate with dispatchers in real-time, whereas the routine associated with closing jobs merely required that technicians communicate with dispatchers some time during the day. While the tempo of a technician's routine is fairly relaxed, the tempo of a dispatcher's routine can be frantic as each dispatcher has to deal with the communications from many technicians. As we will see later, problems can occur when an actor is involved in several interleaved routines with different tempos.
Abstracting to Goals and Constraints
This full documentation of existing activities and their environments was a necessary step in understanding how the system worked as well as for communication between the researchers themselves and with Cabling staff. However, it was soon found that this analysis of existing activities into situations, responses and environmental structures (affordances) was not suitable for analysing the possibility of changes to activities. The existing set of activities constitutes one solution to Cabling's operations, and it is not clear that all activities are necessary in all solutions and indeed that the current division of activities between key parties (router, dispatchers, technicians, for instance) is necessary or optimal. Thus detailed documentation of current activities in terms of situations, actions and affordances does not provide a suitable vantage point to think about all possible activity systems. We needed to take a step back from the existing way of doing things.
We found that the best way to do this was to infer from the existing activities a set of business goals which the current activities fulfilled. Although quite high-level, these goals are not the highest-level goals, or first order goals, which in a commercial enterprise may be to make profit or to expand operations. Rather, these can be considered as second-order goals, that is, goals tied to specific groups of operational activity. In the case of Cabling, which was involved in workforce management of installation and disconnection technicians, five main business goals were identified which were fulfilled by the current activities. These were physical installation (and disconnection), management of technicians' activities, accounting for the work done, inventory control, and fulfilling Telco's requirements for data entry. These goals did not correspond one-to-one with existing activities since some goals (such as job management) were implemented through several activities. The veracity of the goals so extracted was confirmed with Cabling management.
Each of these goals was further divided into sub-goals. For example, in the case of stock control, the sub-goals were to be able to account for all stock received, and to install 80% of new stock within four weeks. A listing was made of the critical tasks that would lead to achievement of the sub-goals. Being very similar in nature to goals, these task descriptions were also abstract specifications, for example, "order stock". In contrast, an activity is situated and refers to the way in which a task is completed. For example, the activity associated with the task of ordering stock is that the warehouse manager makes an order based on the amount of stock used in the last two weeks.
The conceptual move from actual current activities, situations and responses to goals, sub-goals and tasks is a move, for the purposes of abstraction, from the ground view of situated actors to an aerial view. However, it is an abstraction still expressed in action-oriented terms. In a similar way, we need to be able to remove ourselves from the specific details of the environments of the current activities. Any set of routine activities that satisfies Cabling's goals will make use of particular constraining and enabling structures that exist in the environment of the activity. An important subset of these environmental structures is those that will necessarily be present in the proposed solution also. We can call these 'hard' constraints.
Some aspects of the environment were easily identifiable as 'hard' constraints as they were beyond the control of the system designers or Cabling. An example is the fact that some customers are not home when they say they will be. There were other aspects, the mutability of which was a stakeholder decision, for example, the fact that Telco was invoiced weekly. We had to consult with Cabling about whether aspects like this could potentially be changed. With regard to the business environment, the fact that the technicians are independent contractors had major implications for the design of the system. It meant that we had to focus on efficiency gains in the Dispatch centre; any efficiency gains for technicians were bonuses rather than a major focus.
Finally, there were aspects of the environment of particular activities, the mutability of which was essentially a system design issue. For example, included in the characterisation of the socio-cultural environment was the fact that technicians like to know the night before what jobs they have for the next day. If we had chosen to ignore this, we would probably have proposed a different method of allocation of jobs. As it was, we decided it was not worth changing the existing method given that (as described earlier) it also enables the Manager to control technician behaviour through an incentive scheme of rewards and punishment.
Like the move from existing activities to goals, the conceptual move from existing environments to constraints is also an abstraction from the ground view of situated actors to an aerial view. And similarly, this abstraction is also expressed in action-oriented terms. While developed in the context of cognitive work rather than routine action, the means-ends hierarchy posited by Rasmussen and (Rasmussen and Pejtersen 1995) describes a similar approach for gaining perspective on an existing system. It involves abstracting from the physical domain of objects, processes, and activities to higher-level goals while still taking explicit account of the environment.
Identification of the Change Opportunity
The analysis of the existing system and the subsequent abstraction to goals and constraints revealed that, even though alternatives were possible, many of the current activities were reasonably optimal given the constraints.
The main problems with the existing system related to routine communications between the Dispatch centre and the technicians. As has been described, under the existing system, technicians would contact dispatch via phone or SMS to report on the status of the job they were doing, give details of what equipment stock was used (by quoting its ID number) and to activate on-site communications equipment being installed. Activation required a real-time response; in order to activate equipment, the equipment IDs, sometimes 20 digits long, had to be manually entered into the appropriate system by a dispatcher.
This practice is obviously inefficient, involving double entry of the data and human errors in transcription. However, a further problem related to the way in which these routine communications were interleaved with other communications to Dispatch. Dispatch responded to routine communications from technicians (phone calls and SMS) and non-routine phone calls from others in the order in which they arrived. This was not necessarily the order of priority. In addition, it meant that all dispatchers experienced downtime waiting for the phone to ring or an SMS to arrive, interspersed between periods of intense activity in which calls were received, notes made, and data entered manually into multiple systems without regard for priority. This meant that downtime was too fragmented to be used for the problem solving activities referred to previously, and that dispatchers' time was used inefficiently. At the same time, this also meant that technicians often had to wait on the phone for long periods of time.
This problem can be traced to the inability of the communication mechanism in use (voice and SMS) to separate into separate priority schemes the processing by dispatchers of transactions. Since the dispatchers received the communication via the same channel, independent of the tempo of the activity which they coordinated, it was tempting, even locally optimal, to process them with the same urgency. Using our notions of activity tempo and environmental affordance, we conceptualised this problem as a lack of temporal structure in the dispatchers' work environment, the absence of which failed to afford an orderly approach to execution of competing activities and an efficient division of labour between dispatchers.
Thus improvement to the mode of communications between dispatchers and technicians was identified as the key opportunity for change. These communications are part of coordinated activities that implement three system goals, job management, installation / disconnection, and inventory control. Specifically, the aim of our proposed system changes was to separate communications in these three areas according to the required tempo of the associated activities.
Initially, it was tempting to see Cabling's main problem as a lack of integration with the Telco system. However, given that Cabling was not in a commercial position to affect the Telco system, we chose to interpret this as a constraint. Again, a technocentric analyst might be tempted to see job-scheduling as the change opportunity since resource allocation is a well trodden theory area, and novel GPS-based bidding systems exist to facilitate new approaches. It was because our deep access allowed us to see that the current approach was largely optimal in terms of socio-cultural constraints and goals (incentives to technicians) that we were deflected from these technology-push approaches.
Proposed Changes
Our proposal to Cabling was that technicians upgrade to smartphones (converged mobile phone/PDA devices) which could transfer data via GPRS. The smartphones are also to be fitted with a separate barcode reader attachment, of which there are several available. (At the time of writing, smartphones with built in barcode readers are just emerging). Rather than develop an application on the smartphone, we proposed that the smartphone browser act as a "thin client" accessing and updating secure information on the Cabling web server. This meant that the technician could access jobs from a home PC and print them out, just as under the current system. However, technician could now execute the job activity reporting by accessing a cut down webpage displaying these jobs using the smartphone browser. Those transactions requiring an equipment ID number could be completed by scanning the barcode on the telecommunications equipment. Previously the information for these transactions was manually entered into an SMS or read over the phone to a dispatcher who updated the various systems manually. This solution provided two levels of manual fall-back: either manual entry into the smartphone browser or manual entry by dispatchers via a telephone call. Another advantage is that a technician could choose whatever type of smartphone/scanner combination they preferred, and there was no need for a particular application to be loaded. This also gives Cabling flexibility to change the format or type of information communicated from technicians as needed, which makes the solution applicable to other future Workforce Management Services.
By making minor changes to its software, transactions entered by technicians directly via the Cabling web server would automatically update the Cabling invoicing and inventory management system. Transactions which require duplicate manual entry into the Telco systems can be forwarded to the Dispatch area as emails, and separated into different in boxes by transaction type according to urgency. This typing or labelling of communications would allow Dispatch to recognise and hence respond first to communications that required a real-time response (eg activating cable connections) and attend to other routine communications (eg starting and closing jobs) when peak period was over.
In summary, the basis of our proposed new system was to simplify and organise the temporal aspects of the dispatchers' environment such that dispatch staff were empowered to organise their time in a more proactive, and less reactive, manner and were likely to be more effective at the non-routine aspects of managing technicians and attending to ad hoc requests.
We defined a new set of activities for technicians and dispatchers which satisfied the job management, installation and inventory management goals identified in the analysis, while making more efficient use of dispatcher time. In doing this we had to observe limitations created by the hard constraints mentioned earlier. However, we were able to exploit certain enabling characteristics (affordances) of the existing and new technology-enhanced environments. Firstly, the existence of unique bar-coded serial numbers on all accountable equipment afforded automatic data capture for communications requiring equipment ID. Secondly the simplicity afforded by digital communications for labelling messages according to the activity they support allowed us to create the temporal work structure in the dispatcher's environment. This will enable a more effective time use by dispatchers. We had previously considered various ways of achieving this labelling, including the use of barcode menus by technicians to create structured SMS messages on standard phones. However, the current state of development and the price of converged devices, especially the availability of always-on web access and standardised web browsers, afforded a very simple, flexible and easily routinisable mode of communication for the technicians.
On the basis that technicians covered the cost of the smartphone with scanner, the only costs to Cabling were software development and training. Detailed quantification of time savings possible under the proposal amounted to elimination of the need for one dispatcher and was calculated that the payback period for Cabling was less than eight weeks. The proposed solution was presented to the management of Cabling and was favourably received. However at the time of writing, a decision about implementation was yet to be made.
DISCUSSION
In this section we evaluate the findings of the case study in relation to the theory of situated information systems and the situated systems analysis and design methodology.
Illustrations of the Theory from the Case
This sub-section presents ten key propositions articulated in the theoretical section and examines them in the light of the case study. We do not intend to formally test these propositions. They are generally too broad in their reach to be confirmed by a single case. Rather, we want to show how each is illustrated and made plausible by the experience of applying the methodology in the case company. We also point out where the specific case involvement has led to refinement of or addition to the theoretical base.
1. Much work activity is routine. The case observations confirmed that most of the activity of the technicians and dispatchers is highly routinised. A good illustration of the extent of routinisation is provided by the way technicians deal with problems in the field. Drawing on (Lave 1988 ) notion of activity-stopping snags, in the course of analysing the system, we identified snags which had the potential to thwart the routine activity. In practice, these activity snags did not tend to cause a problem but were dealt with routinely by means of established repair routines. For example, usually a technician climbs a telegraph pole to complete the connection of newly installed telecommunications equipment. However, this is not possible in cases where the pole is condemned or there is no access at ground level. In these cases, the repair activity was for the technician to call a roaming cherry-picker truck. The cherry-picker truck enabled completion of the connection so that the technician could progress to the next job. Thus, even a breakdown in a routine does not necessarily result in abstract problem solving or decision making, but rather can lead to the invocation of further repair routines. Recognition of the importance of repair routines was an important contribution of the case study to theory.
In addition, some tasks which are typically thought of as requiring deliberation, such as the scheduling of technician jobs, have been routinised by careful dissection of the task into smaller parts. If the scheduler at Cabling were to attempt to schedule jobs received from Telco right down to the level of a technician's route, the task would require considerable cognitive resources and probably decisionsupport tools. However she simply allocates jobs by area to technicians daily with the assistance of a visual geo-informatic display system. Technicians then determine their own daily routing largely through tacit knowledge of their area and occasional support of a street directory. They typically then sort their printed job orders into sequence, to guide their activities and assist access to job details. Although this scheduling process is not optimal in a standard management science sense, it is a highly efficient division of labour that was strongly supported by both groups of parties.
Decision making is a minor part of operational work activity.
There are occasions where decisions are needed in the day-to-day operations of Cabling. Unexpected events such as queries and requests from Telco and customers need thought and deliberation. There is of course a management level that engages in strategic planning of this type but their activity was not part of the scope of this project. However the case observation confirmed the low frequency of genuine deliberative action in operations. We should be careful here to distinguish routine choice from deliberative decision making. Routine choice involves choosing between possible situated actions and it is assisted by environmental cues (such as the technicians repair activities). In deliberative decision making multiple future scenarios are examined in mental simulation. When this distinction is grasped, it appears that many daily managements task are situated choices rather than deliberative decision making. The possibility of initiating further routine activities when choices occur is what makes situated activity sufficiently flexible to be viable in the real world. A clear understanding of the important conceptual distinction between situated choice and true decision-making was one of the contributions of the case study. In light of this observation and those in the previous point, it is remarkable how little attention has been paid to situated choice in the information systems literature compared to decision-making 3. Environmental structures are vital for effective routinisation of work. Once we are sensitised to recognising ways in which environment order takes much of the cognitive burden out of routine action we find examples everywhere; from the way in which the technicians' vans are organised to make tools and equipment ready-at-hand, to the sorting of printed job orders into the order of the jobs in the route. Such structuring of the work environment reduces the number of choices available and eliminates much of the need to perform complex mental simulations of possible actions (Agre and Horswill 1992) . These structures allow direct perception of goal-attaining action possibilities (Gibson 1979) .
In keeping with our conception of situated information systems, structures should be engineered into the environment of work activities to support the use of information resources with minimal need for cognition. If this order is not present, activities are difficult to routinise. The way in which voice based communication between the technicians and the dispatchers complicated transaction processing at Cabling provides a novel example. Communications concerning movements of inventory, and status of job orders had a lower timeliness requirement than those effecting activation of telecommunication equipment. However, because they were largely received via the same channel they were processed into the respective computer systems with the same level of urgency, creating a work mode that constantly switched between dissimilar jobs and which did not allow effective use of interspersed free time. Automation of these communications using mobile computing technology makes possible the separation of these communications according to urgency and their processing by dispatch in separate time blocks. This task separation constitutes a structuring of the temporal environment of work which changes the work mode of the dispatchers from emergency response to systematic attention to priorities. Recognition of the importance of the tempo of intersecting activities and its significance for structuring the temporal aspects of the work environment was another important contribution of the case study.
Even routines activities themselves can be provide an environment that facilitates other routines. The division of job scheduling into job allocation by the 'router' and final routing by the technicians, affords to the manager a simple routine of controlling the technicians' behaviors through their job allocation. That routines can provide affordances for other routines was an insight derived from the case.
Situated systems should provide parsimonious information resources to resolve action choice.
In keeping with our conception of a situated information system, our thrust in proposing changes to the Cabling systems was to simplify the information resources presented to, and used by, actors in the Cabling system and to embed them more effectively in the actors work environments. The smartphone browser presents job orders to technicians wherever they work. Importantly, this allows them to acquire data needed to meet their reporting obligation at the source of the data and with minimum input. This method of communication forces a tight structure on the message which was absent in the previous voice based approach. However, more importantly, it allows sorting of the messages so that they are received by the dispatchers already integrated into separated sub-parts of their message processing environment. This illustrates our view that situated information systems should provide minimal resources to resolve action choices and be embedded in the immediate environment of actors 5. Actions, affordances, situations and activities are appropriate constructs with which to model routine activities. This set of constructs proved adequate to capture and document existing and proposed activities. This suggests that the general outlines of a situated ontology given in the theory section are correct. We used an informal modeling approach using the tools provided by Visio. We would like to develop more formal procedures for modeling routine situated activity. A more formal specification of the ontology underlying situated action would assist this task.
6. Goals and constraints provide a basis for abstracting away from the particularities of a given system of routine activities. In previous published accounts of situated systems design (Johnston and Milton 2002; Milton et al. 2005) , we had only applied the method to analysing existing well adopted manual systems and to design an operational system from scratch. While abstraction seems natural in traditional systems analysis because of the essential abstractness of the world model concept, it was not obvious to us at the outset that it would also be necessary in situated systems design. A major discovery during the case was the need for a kind of abstraction from existing routine activity to a language that captures the purpose of these activities independent of any particular instantiation. This was provided by the abstraction to goals and constraints. We anticipate that this process will be particularly important in other contexts, such not-for-profit organisations, where goals are not transparent and perhaps not even initially agreed between stakeholders.
7. Identification and redesign of activities not effectively routinised is the main opportunity for change in situated systems. Application of the methodology allowed us to focus on activities which were currently not effectively routinised. By considering how these activities could be routinised, given business goals and environmental constraints, we were able to propose a system change which improved the total performance of the changed system in relation to the key stake-holders' high level goal which was cost saving for Cabling. In a not-for-profit organisation such as a hospital the measure of an effective change might differ; for instance, it might be reduction in patient waiting time. Nevertheless, the point of leverage using the methodology is always identification of activities that are not effectively routinised.
Creating new, or exploiting existing, environmental order is an important part of designing new routine activities.
An example of an existing environmental structure that could be use to provide an affordance to the installation activity was the existence of bar-coded ID numbers on the telecommunication equipment. As with all affordances (Gibson 1979) this piece of order existing in the environment has to be accompanied by the means to use it for the purpose of the activity, and in this case this was provided by the recent availability of barcode readers for smartphones. A more abstract kind of environmental order is the temporal order we propose to create by labeling and streaming communications received by dispatchers. This temporal structure in the dispatchers' environment together with the means to exploit it, which in this case will be suitable organisation and division of labour during the day and between dispatchers, will afford a new way of working which separates low priority routine work, urgent routine work and ad-hoc problem solving.
Situated information systems and traditional information systems coexist.
A skeptical reader might object that much of the Cabling system is just a traditional transaction processing system. This is true. The total information system of a company almost always has to support accountability requirements imposed by business partners and governments as well as information for other kinds of managerial work, and the Cabling system is no exception. However, it is important to separate those parts of the system that provide data for these purposes from those parts that support routine activity, that is, simplify situated choices so that activities can become routine. In the Cabling system, the latter include: the geo-informatic display that supports the router's allocation of jobs; the listing (in the old system) and the web display (in the proposed system) of jobs to technicians; the communications from technicians to pass control of the installation routine to dispatchers for activation and back; and the display of the Telco systems that assist job management. This set of information resources that support situated choice, together with the environmental structures that reduce activity choice, constitute the situated system. Interactions with these resources such as when the router allocates jobs interactively and the technicians report job completion and equipment movements, generates data that is captured by the traditional style Cabling and Telco system. One of our main contentions is that ensuring that the situated systems effectively support and routinise operational activity will ensure a stream of high quality data, derived from actual work activity, to the traditional accounting systems.
Mobile information technologies are an obvious platform for situated information systems.
It is not surprising that mobile technology was involved in the proposed solution. In our proposal smartphones put information about jobs and the means to coordinate action with dispatchers in the hands of the actor who is in the field. A situated systems approach lends itself to forms of computing where the technology is ready-to-hand. Ubiquitous computing, which is a way of seamlessly structuring technology into the environment, is likely to be even more relevant in situated systems design.
Situated Systems Methodology after this Case Study
In this subsection, we summarise the steps of the situated information systems analysis and design methodology as we understand them at the end of this design case application. We expect them to become more prescriptive and formalised as we apply the methodology to further planned design cases. The steps (see figure 2 also) are: 
CONCLUSIONS
We have presented theoretical arguments for an alternative to the traditional conception of an information system, and an analysis and design methodology based explicitly on this situational theory of action. We have also reported a system design case in which we applied the methodology in a commercial organisation. The methodology proved effective for identifying enhancements to the company's operational systems and particularly for understanding the nature of existing problems. The case also resulted in several enhancements to the methodology and clarifications of the theory.
The work is significant because the unique characteristics of routine action have been underemphasised in the information systems discipline in the past. This is the first attempt to apply the alternative situational theory of action to analysis and design of information systems at the wholesystem level. Its main contribution is to show the theoretical and methodological consequences of inverting the standard emphasis of information systems on support of managerial work, such as planning, decision making, accounting, and standardisation, and to bring to the fore the issues involved in using information resources to support the routine aspects of work. We hope that the work will contribute to putting the support of routine work, and the effective routinisation of work activity, on the information system agenda as a legitimate topic with its own theories and methods. Currently these issues are largely regarded as merely peripheral knowledge, practical common sense, and not part of the central theory of the discipline.
In addition, recent developments in mobile and ubiquitous computing have greatly extended the reach of organisational information systems. While some research on mobility draws on aspects of situated action, it generally does so in the context of interface design and thus tends to be 'device-centric' (Dey 2001) . We anticipate that a theory of situated information systems will be useful in placing mobile and ubiquitous technology support for work in a broader system context.
The work also has the potential to contribute to practice by providing a set of analysis and design methods based on an authentic theory of this aspect of work. This is likely to produce systems that are more effective in organisational settings where work is complex but largely routine, such as workforce management, manufacturing operations, hospital ward settings and emergency dispatch.
The approach we have used in proposing and refining the situated information systems analysis and design methodology falls into the sub-category of action research in information systems known as 'the systems development approach' (Nunamaker et al. 1990; Burnstein and Gregor 1999) . Indeed, in information systems, it has been found "… that action research is one of the few valid research approaches that researchers can legitimately employ to study the effects of specific alterations in systems development methodologies. It is both rigorous and relevant." (Baskerville and Wood-Harper 1996) .
Like many interpretive research methods, action research requires careful attention to the rigour of method and analysis. To assure the quality of our research, we have used the framework proposed by Klein and Myers (1999) , in which a set of seven principles for conducting and evaluating interpretive field studies in information systems are outlined. The following assessment of our research against the seven principles indicates that our research method is robust.
One researcher (Waller) was embedded in the case company which enabled her to obtain a deep understanding of the context in which the activities occur, to learn an existing routine system, to understand the goals for the system, and to understand the ways in which her fellow human actors use the existing system. In addition, she interviewed key company stakeholders where she discussed pivotal points about the existing system. By requiring this step we recognise the importance of the researcher gaining a rich understanding of the 'whole' which is the system being studied (principle 1), fully comprehending the organisational context of the case study (principle 2), and interacting with all significant human actors relevant to the existing system and its operation (principle 3).
The researcher collected a wealth of data on the particularities of the case, retaining design documents, design alternatives, reflective notes, arguments about decisions taken, and data from interviews with key company stakeholders. Klein and Myers recommend (principle 4) care in abstracting from particularities of the case to general principles. In our case such abstraction is an integral part of the methodology and ultimately the validity of such abstractions is ensured by the validity of the alternative system proposed, which in this case was confirmed by its positive reception by management. In applying principle four, however, it is also critical to apply two other principles: that the researcher must be sensitive to contradictions between what is found in the case with what the methodology specifies (principle 5); and that there may be equally valid interpretations about what may be an appropriate situational design (principle 6). To fulfil principles 5, and 6, all three researchers were engaged in the systems analysis and design phase in which alternative explanations for the data and alternative system designs were explored. We were also open to the possibility of changes to the developing theory of situated information systems and the situated systems methodology in the light of the case study data collected.
The seventh principle requires researchers involved in interpretive research to be sensitive to biases and distortions. Where possible, key stakeholders were consulted to confirm or disconfirm conclusions drawn. For example, they confirmed the veracity of goals and constraints abstracted from the existing system. We also intend, as a future project, to compare the system design we produced with designs from a past application of traditional analysis and design methods at Cabling.
As to the internal validity of our research, some may claim that our application of the situated analysis and design methodology results in a system proposal that may have been recommended by using a traditional systems analysis and design method. Indeed, this is possible. However, we argue that at least two things are different. Firstly, in applying our methodology we have formed a fundamentally different understanding of the problem and its solution which we do not think could be duplicated using traditional methods. Secondly, the situational theory of action underpinning our methodology provides a more compelling case that the proposed solution will be effective in the routine work environment, since it explicitly deals with the conditions for effective routinisation of systems. These are commonly neglected in traditional system implementations. For example, we can explain why changing communications between the technicians and dispatchers in certain specific ways will result in a more effective routine work environment in dispatch. In summary, we do not claim that there are no alternative explanations for the proposed change. We have high confidence that the application of the methodology resulted in a unique understanding of the system problems at Cabling and strong reasons to believe the proposed solution will work in practice. The latter claim remains theoretical until the system changes are implemented at Cabling.
To further validate the methodology itself, we are currently engaged in a second large system design case in a day ward of a large cancer hospital. The problem context in this case has similarities to, and differences from, the Cabling case. For example, as with the case at Cabling, in the day ward, coordination of communications is also an important aspect of activities. However we expect that a stronger conceptualisation of the role of place in activities may be necessary in the day ward case. We also plan to use the rich data obtained from these cases as the basis for a laboratory experiment to examine how traditionally trained systems analysts would conceptualise the case organisations' problems. We will compare their conceptualisations and proposed solutions with our own. Finally, a third case is planned which will be chosen to provide maximum theoretical challenge for the methodology.
